We report the isolation of 10 differentially expressed cDNAs in the process of apoptosis induced by the p53 tumor suppressor. As a global analytical method, we performed a differential display of mRNA between mouse Ml myeloid leukemia cells and derived clone LTR6 cells, which contain a stably transfected temperature-sensitive mutant of p53. At 32°C wild-type p53 function is activated in LTR6 cells, resulting in programmed cell death.
GEORGES CHARPAK §, JEAN (8) . The molecular pathways to achieve p53 tumor suppression remain unclear, and hitherto several genes were characterized, which are induced by p53 (9) (10) (11) (12) (13) (14) (15) (16) (7) .
The present work describes identification of 10 differentially expressed cDNAs during the first hours of apoptosis induction.** TSAP1 and TSAP2 are homologous to two human genes localized in the multiple endocrine neoplasia 1 susceptibility region on chromosome 11q13 (17) (18) (19) . Our (20, 21) . In Drosophila, seven in absentia codes for a metal binding nuclear protein, downstream of the sevenless receptor. This gene is required for specification of the R7 photoreceptor cells in Drosophila eye development (20) . The vertebrate homologue (Siah) is activated during development in various tissues, among which are forebrain and germ cells (21, 22 (25) . Northern blots were hybridized with random-primed 32P-labeled probes corresponding to TSAP and TSIP inserts and washed as described (25) . To verify induction of wild-type p53 function, Northern blots were hybridized with a cyclin G probe (16 In Situ Hybridization (26, 27) . Cells were washed three times in phosphate-buffered saline (PBS), cytospinned, and fixed in 4% paraformaldehyde in PBS for 10 min and stored in 70% ethanol. Digoxigenin 11-uridine 5'-triphosphate (DIG) or biotin-11-UTP-labeled RNA transcripts from TSAP3 were used in the analysis following the procedures described (6, 7) . The molecular pathways upstream and downstream of p53 leading to tumor suppression are still unclear. Several genes downstream of that for p53 have to date been identified including gadd45 (9), mdm2 (10, 11) , mck (12) , mouse endogenous retrovirus long terminal repeat (LTR) (15), p21-WAF1 (13, 14) , and cyclin G (16) .
In the present study, RNA was extracted 4 hr after activation of p53 at 32°C. Ten differentially expressed cDNA fragments were isolated, subcloned, sequenced, and studied by Northern blot and slot blot analysis. Hybridization signals were quantified with the 1200 3 imager using cDNA probes corresponding to the LTR6 mRNAs extracted after 4 hr of incubation at 370C and at 32°C. Fig. 1 (15) .
The search for homologies revealed that three of the activated sequences, TSAP1-TSAP3, correspond to known genes ( Table 1) . The other cDNAs TSAP4-8 do not show any significant homology with known genes. The two cDNAs TSIP1 and 2, which are inhibited in their expression during apoptosis, show no homology with known genes. These genes, inhibited in their expression by wild-type p53, might eventually code for oncogenic sequences which would be downregulated in the process of tumor suppression or, alternatively, for structural and cytoskeletal proteins, for which downregulation of expression is concomitant with cell death by apoptosis.
TSAP1 is highly homologous to rat phospholipase C ,4 (28, 29) . The TSAP1 sequence presents 100% identity with phospholipase C between nucleotides 3967 and 3985, 82% between nucleotides 3986 and 4116, and 85% between nucleotides 4070 and 4220. Phospholipase C is known to be implicated in the signaling pathway of tyrosine kinase receptors (30) and to (17) . MEN1 is an autosomal dominant disorder associated with development of tumors affecting the anterior lobe of the pituitary, parathyroid gland, and pancreatic islet cells (18) . Of great interest is the finding that both ZFM1 and an isoenzyme of phospholipase C were colocalized in the same chromosomal region llq13 containing the susceptibility gene(s) to MEN1 (19) . In mice, the homologous region is localized on chromosome 19B (32) . The (20) . Our clone presents 94% identity with the murine homologue (nucleotides 1496-1634). By Northern blot analysis, using as a probe TSAP3, we detect differential expression of the 1.9-kb messenger of this gene ( Fig. 2A ). This was confirmed by using a second probe corresponding to the same region of the reported siahlb sequence (21) (Fig. 2B ). Fig. 2C shows the tissue distribution of this gene by using a TSAP3 probe that detects both the 1.9-and the 2.4-kb mRNAs corresponding to previously reported results where a siah probe was used (21) . In situ hybridization (Fig. 3) shows that TSAP3 mRNA poorly expressed after 1 hr (Fig. 3D ) is clearly detected 2 hr after induction of apoptosis (Fig. 3E ). Its expression strikingly increases between 2 and 4 hr ( Fig. 3 E and F (33, 34) . The murine homologue is subdivided in two groups, siahl and siah2. These proteins show an unusually high degree of conservation with Drosophila seven in absentia (21) . Our 
